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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a binder for manufacturing electrodes of a lithium ion 
secondary battery which is excellent in electrical and chemical stability. 

SOLUTION: The binder for the electrodes of the lithium ion secondary battery comprises polymers 
having the following characteristics: (1) a structural unit derived from a monofunctional ethylene 
unsaturated carboxylic acid estermonomer (a); a structural unit derived from an ethylene 
unsaturated carboxylic acid monomer (b); and a structural unit derived from a methacrylonitrile 
monomer (c), (2) (the structural unit (a) + the structural unit (c))/the structural unit (b)=99.9-1.5 by 
weight, (3) the total of the structural unit (a), the structural unit (b) and the structural unit (c) is 70 
wt.% or more to all structural units in polymers, (4) the polymers do not substantially have 
structural units derived from an ethylene carbon hydride monomer and a diene monomer. The 
battery is manufactured by using the binder. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the binder for lithium ion secondary cell electrodes, 

and its use. 
[0002] 

[Description of the Prior Art]In recent years, the spread of personal digital assistants, such as a 
notebook sized personal computer, a cellular phone, PDA, is remarkable. And the rechargeable 
lithium-ion battery has been used abundantly at the rechargeable battery used for these power 
supplies. The rechargeable lithium-ion battery using the electrolysis solution which is dissolving the 
lithium ion in the rechargeable lithium-ion battery, etc. There are a lithium polymer secondary 
battery using a gel electrolyte, a solid type lithium secondary battery using the electrolyte of the 
solid state, a nonaqueous system electric double layer capacitor using movement of the lithium ion, 
etc. instead of an electrolysis solution. By the way, a miniaturization, slimming down, a weight saving, 
and highly efficient-ization are following such a personal digital assistant quickly. In connection with 
this, the same demand is carried out also to the rechargeable lithium-ion battery (it may only be 
hereafter called a cell), and also low cost-ization is called for strongly. As an electrode for 
rechargeable lithium-ion batteries (it may only be hereafter called an electrode), what held the 
active material to the charge collector with the binder is most generally used conventionally. 
Although polyvinylidene fluoride (it may be hereafter called PVDF) is industrially used abundantly as 
such a binder for electrodes, the binder using PVDF has not performed sufficient correspondence 
for today's request level about highly-efficient-izing of a cell.It is guessed that this is a thing 
resulting from the lowness of the binding property of PVDF. 

[0003]Then, it asks for a more highly efficient cell, development of the binder replaced with PVDF is 
performed briskly, and the polymer manufactured using the monomer which has polar groups, such 
as ethylenic-unsaturated-carboxylic-acid ester, especially is widely studied at the point excellent in 
the binding property of a charge collector and an active material. For example, using as a binder the 
polymer (JP,8-287915,A) produced by carrying out copolymerization of the vinyl monomer which has 
acrylic ester or a methacrylic-acid-ester monomer, an acrylonitrile monomer, and an acid 
component at least is proposed. If the anode and negative electrode of a cell are manufactured 
using such a binder, since the binding property of an active material and a charge collector and the 
binding property of active materials are better than PVDF, the outstanding battery capacity, i.e., a 
good charge-discharge cycle characteristic, and high capacity can be obtained. Since an active 
material is held for the amount of the binder used also a small quantity at a charge collector as 
compared with what uses PVDF as a binder, a weight saving is possible for such a binder. Since 
polymer which is a binder raw material is cheap, low-cost-izing is also possible. 
[0004] 

[Problem(s) to be Solved by the Invention]Polymer containing the structural unit of the ethylenic- 
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unsaturated-carboxylic-acid ester monomer origin replaced witli PVDF mentioned above contains 
the structural unit of acrylonitrlle monomer origin. However, the cell using the electrode 
manufactured considering polymer containing the structural unit of acrylonitrlle monomer origin as a 
binder as a result of this invention person's examination. Although excelled in the charge-discharge 
cycle characteristic in 20-25 ** room temperature conditions to be sure, when it was used 
especially as a binder of an anode, it became clear that the charge-discharge cycle characteristic in 
not less than 60 ** fell substantially. And this cause guessed that this invention persons were in the 
electrochemical reactant height of a binder. 

[0005]As a result of inquiring wholeheartedly so that this invention persons may get the 
rechargeable lithium-ion battery excellent in the charge-discharge cycle characteristic in an 
elevated temperature, as a binder for electrodes, When the low specific polymer of electrochemical 
reactivity measured by cyclic voltammetry (it may be hereafter called valve flow coefficient) was 
used, it finds out that the charge-discharge cycle characteristic in the elevated temperature of a 
cell improves, and came to complete this invention. 
[0006] 

[Means for Solving the Problem]According to this invention, as the first invention in this way A 
structural unit of (1) monofunctional ethylenic-unsaturated-carboxylic-acid ester monomer origin 
(a). It has a structural unit of ethylenic-unsaturated-carboxylic-acid monomer origin (b), and a 
structural unit of methacrylonitrile monomer origin (c), (2) — (structural unit (a) + structural unit 
(c)) / structural unit (b) =99.9 - 1.5 (weight ratio). (3) The sum total of a structural unit (a), a 
structural unit (b), and a structural unit (c) is 70 % of the weight or more to a whole structure unit of 
polymer, (4) A structural unit of ethylene nature hydrocarbon monomer origin and a structural unit 
of diene system monomer origin are provided by binder for lithium ion secondary cell electrodes 
which consists of polymer which it does not have substantially, and them as the second invention, A 
binder composition for lithium ion secondary cell electrodes, wherein the binder concerned is 
distributing with particle state in carrier fluid of 80-350 ** of boiling points in atmospheric pressure 
is provided, A slurry for lithium ion secondary cell electrodes which contains binder concerned and 
an active material as the third invention is provided, and an electrode for rechargeable lithium-ion 
batteries by which it comes to hold an active material layer containing a binder and an active 
material at a charge collector as the fourth invention is provided. As the fifth invention, a 
rechargeable lithium-ion battery which has the electrode concerned is provided. 
[0007] 

[Embodiment of the Invention]This invention is explained in full detail below. 
The binder of binder this invention 1. Structural unit of monofunctional ethylenic-unsaturated- 
carboxylic-acid ester monomer origin (a). It is polymer which has a structural unit (c) of the 
structural unit of (it may be hereafter called (a)) and ethylenic-unsaturated-carboxylic-acid 
monomer origin (b), (it being hereafter called (b)), and methacrylonitrile monomer origin, and (it being 
hereafter called (c)). (~ (a)+(c))/(b) ~ 99.9-1.5 ~ it is 99.5-2 preferably and is 99-2 more 
preferably (weight ratio). The rate of the sum total of (a), (b), and (c) is 80 % of the weight or more 
preferably 70% of the weight or more among the whole structure unit of polymer. 
[0008]Polymer in connection with this invention does not include substantially the structural unit of 
ethylene nature hydrocarbon monomer origin, such as ethylene and propylene, and the structural 
unit of the diene monomer origin of butadiene, isoprene, etc. When it has these structural units, 
electrochemical stability may fall. 

[0009]Polymer in connection with this invention is less than 20% of the weight of a rate preferably 
less than 30% of the weight among the constitutional units of all the. It is structural units other than 
the structural unit of ethylene nature hydrocarbon monomer origin, or the structural unit of diene 
monomer origin, and may have structural units other than (a), (b), and (c) as arbitrary structural 
units. As most desirable arbitrary structural units, the structural unit of polyfunctional ethylenic- 
unsaturated-carboxylic-acid ester monomer origin (it may be hereafter called (d)) and the structural 
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unit of cross-linking monomer origin, such as divinylbenzene, can be mentioned. A "polyfunctional 
ethylenic-unsaturated-carboxylic-acid ester monomer" means a carboxylate monomer including at 
least two ethylene nature unsaturated bonds. Although structural units (henceforth other structural 
units) other than the structural unit of (d) and cross-linking monomer origin can also be made to 
exist among arbitrary structural units in polymer in connection with this invention, The rate is less 
than 15% of the weight of a rate more preferably less than 20% of the weight less than 30% of the 
weight to the whole structure unit of polymer. As for other structural units, not existing substantially 
is most desirable in order to secure high electrochemical stability. 
[0010]In this invention, as an example of the monomer which gives the structural unit of 
monofunctional ethylenic-unsaturated-carboxylic-acid ester monomer origin (a), Methyl acrylate, 
ethyl acrylate, acrylic acid propyl, acrylic acid isopropyl. Acrylic acid n-butyl, isobutyl acrylate, 
acrylic acid n-amyl. Acrylic acid isoamyl, acrylic acid n-hexyl, 2-ethylhexyl acrylate. Acrylic acid 
alkyi ester in which alkyi groups, such as acrylic acid hydroxypropyl and acrylic acid lauryl, may have 
a substituent; Methyl methacrylate. Ethyl methacrylate, methacrylic acid n-propyl, methacrylic acid 
isopropyl, N-butyl methacrylate, methacrylic acid isobutyl, methacrylic acid n-amyl, Methacrylic acid 
alkyi ester in which alkyi groups, such as methacrylic acid isoamyl, methacrylic acid n-hexyl, 2- 
ethylhexyl methacrylate, methacrylic acid hydroxypropyl, and lauryl methacrylate, may have a 
substituent; 

[001 1]Crotonic acid methyl, ethyl crotonate, crotonic acid propyl, crotonic acid butyl, Crotonic acid 
isobutyl, crotonic acid n-amyl, crotonic acid isoamyl, Crotonic acid alkyi ester in which alkyi groups, 
such as crotonic acid n-hexyl, crotonic acid 2-ethylhexyl, and crotonic acid hydroxypropyl, may 
have a substituent; Dimethylaminoethyl methacrylate, Dialkylamino group content methacrylic acid 
ester, such as diethylaminoethyl methacrylate; Methoxy polyethylene-glycol methacrylate, 
Ethoxypolyethylene-glycol methacrylate, methoxy polyethylene-glycol acrylate, Ethoxypolyethylene- 
glycol acrylate, methoxy diethylene-glycol methacrylate, Ethoxydiethylene-glycol acrylate, methoxy 
dipropylene glycol methacrylate, Methoxy dipropylene glycol acrylate, methoxy ethyl methacrylate, 
Methoxy ethyl acrylate and 2-ethoxyethyl methacrylate, 2-ethoxyethyl acrylate, 
butoxyethylmethacrylate, butoxy ethyl acrylate, phenoxy ethyl methacrylate. And alkoxy group 
content monocarboxylic acid ester, such as phenoxy ethyl acrylate; acrylic ester; etc. which have 
phosphate residue, sulfonic acid residue, boric acid residue, etc. (meta) are mentioned to the alkyi 
group of acrylic acid alkyi ester or methacrylic acid alkyi ester. Also in these monofunctional 
ethylenic-unsaturated-carboxylic-acid ester monomers, acrylic acid alkyi ester and methacrylic acid 
alkyi ester are preferred, and the carbon number of these alkyi parts is mentioned as an example in 
which 1-12. and the thing that are 2-8 preferably are especially preferred. These monofunctional 
ethylenic-unsaturated-carboxylic-acid ester monomers may be used independently, or may use two 
or more sorts together. 

[0012]In this invention, as an example of the monomer which gives the structural unit of ethylenic- 
unsaturated-carboxylic-acid monomer origin (b). Ethylene nature unsaturation dicarboxylic acid 
monomers, such as ethylene nature unsaturated monocarboxylic acid monomers, such as acrylic 
acid, methacrylic acid, and crotonic acid, maleic acid, fumaric acid, citraconic acid, mesaconic acid, 
glutaconic acid, and itaconic acid, are mentioned. Ethylene nature unsaturation monocarboxylic acid, 
such as acrylic acid and methacrylic acid, is preferred also especially in these. The monomer which 
gives (c) in this invention is a methacrylonitrile. What has a structural unit of methacrylonitrile 
monomer origin has low electrochemical reactivity at valve flow coefficient measurement at 70 **, 
and the cell obtained using such a binder has a good charge-discharge cycle characteristic in an 
elevated temperature. 

[0013]The binder of this invention has preferred polymer which has a structural unit of 
polyfunctional ethylenic-unsaturated-carboxylic-acid ester monomer origin (d) in addition to the 
above (a), (b), and (c). As a monomer which gives such (d), Tori methacrylic acid ester, such as 
dimethacrylate ester; trimethylolpropanetrimethacrylate, such as ethylene glycol dimethacrylate and 
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diethylene-glycol dimethacrylate; Polyethylene-glycol diacrylate, diacylic ester [, such as 1,3- 
butylene-glycol diacrylate, ]; — doria, such as trimethylolpropane triacrylate, — krill acid ester; — 
triethylene glycol dimethacrylate. Tetraethylene glycol dimethacrylate, pentaethylene glycol 
dimethacrylate, Hexaethylene glycol dimethacrylate, heptaethylene glycol dimethacrylate, 
Octaethylene glycol dimethacrylate, tripropylene glycol dimethacrylate, Tetrapropylene glycol 
dimethacrylate, pentapropylene glycol dimethacrylate, Polyalkylene glycol dimethacrylate, such as 
hexapropylene glycol dimethacrylate, heptapropylene glycol dimethacrylate, and octapropylene glycol 
dimethacrylate. Compound; etc. which changed a part of these methacrylate into acrylate are 
mentioned, (d) to the whole structure unit of polymer which is a binder of this invention 30 or less % 
of the weight, 20 or less % of the weight, since 1 5 or less % of the weight and the charge-discharge 
cycle characteristic in the elevated temperature stable 0.1% of the weight or more when 0.5 % of the 
weight or more existed at 1% of the weight or more of a rate more preferably are obtained more 
preferably, it is preferably desirable. 

[0014]The example of desirable polymer of using as a binder of this invention is shown below. 
Although these may be [ non-crosslinked polymer ] crosslinked polymer, since it is in the tendency 
to excel in electrolysis solution-proof nature etc., it is preferred that it is crosslinked polymer. 
Crosslinked polymer is obtained by manufacturing the polymer illustrated below under the cross- 
linking monomer existence of an adequate amount. 2-ethylhexyl acrylate / acrylic acid / 
methacrylonitrile copolymer, 2-ethylhexyl acrylate / ethyl acrylate / acrylic acid / methacrylonitrile 
copolymer. Butyl acrylate / acrylic acid / methacrylonitrile copolymer, 2-ethylhexyl methacrylate / 
acrylic acid / methacrylonitrile copolymer, 2-ethylhexyl acrylate / ethylene glycol dimethacrylate / 
acrylic acid / methacrylonitrile copolymer, 2-ethylhexyl acrylate / acrylic acid hydroxypropyl / 
acrylic acid / methacrylonitrile copolymer, Diethylaminoethyl acrylate / acrylic acid / 
methacrylonitrile copolymer, Methoxy polyethylene glycol monomethacrylate / acrylic acid / 
methacrylonitrile copolymer, Crotonic acid 2-ethylhexyl / acrylic acid / methacrylonitrile copolymer, 
2-ethylhexyl acrylate / ethyl crotonate / acrylic acid / methacrylonitrile copolymer, 2-ethylhexyl 
acrylate / ethyl acrylate / polyethylene-glycol diacrylate / acrylic acid / methacrylonitrile 
copolymer. Butyl acrylate / divinylbenzene / acrylic acid / methacrylonitrile copolymer, 2-ethylhexyl 
acrylate / acrylic acid / maleic acid / methacrylonitrile copolymer, 2-ethylhexyl acrylate / itaconic 
acid / methacrylonitrile copolymer, 2-ethylhexyl methacrylate / acrylic acid / methacrylic acid / 
methacrylonitrile copolymer, 2-ethylhexyl methacrylate / itaconic acid / methacrylonitrile copolymer 
[0015]2-ethylhexyl acrylate / methacrylic acid / methacrylonitrile copolymer, 2-ethylhexyl 
acrylate / ethyl methacrylate / methacrylic acid / methacrylonitrile copolymer. Butyl acrylate / 
methacrylic acid / methacrylonitrile copolymer, 2-ethylhexyl acrylate / ethylene glycol 
dimethacrylate / methacrylic acid / methacrylonitrile copolymer, 2-ethylhexyl methacrylate / acrylic 
acid hydroxypropyl / methacrylic acid / methacrylonitrile copolymer, Methoxy polyethylene glycol 
monomethacrylate / methacrylic acid / methacrylonitrile copolymer, Crotonic acid 2-ethylhexyl / 
methacrylic acid / methacrylonitrile copolymer, 2-ethylhexyl acrylate / ethyl crotonate / 
methacrylic acid / methacrylonitrile copolymer, 2-ethylhexyl methacrylate / ethyl acrylate / 
polyethylene-glycol diacrylate / methacrylic acid / methacrylonitrile copolymer[001 6]2-ethylhexyl 
acrylate / crotonic acid / methacrylonitrile copolymer, 2-ethylhexyl acrylate / ethyl methacrylate / 
crotonic acid / methacrylonitrile copolymer. Butyl acrylate / crotonic acid / methacrylonitrile 
copolymer, 2-ethylhexyl acrylate / ethylene glycol dimethacrylate / crotonic acid / methacrylonitrile 
copolymer, 2-ethylhexyl methacrylate / acrylic acid hydroxypropyl / crotonic acid / 
methacrylonitrile copolymer, Methoxy polyethylene glycol monomethacrylate / crotonic acid / 
methacrylonitrile copolymer, Crotonic acid 2-ethylhexyl / crotonic acid / methacrylonitrile 
copolymer, 2-ethylhexyl acrylate / ethyl crotonate / crotonic acid / methacrylonitrile copolymer, 2- 
ethylhexyl methacrylate / ethyl acrylate / polyethylene-glycol diacrylate / crotonic acid / 
methacrylonitrile copolymer, 2-ethylhexyl acrylate / ethyl methacrylate / itaconic acid / 
methacrylonitrile copolymer, butyl acrylate / itaconic acid / methacrylonitrile copolymer, 2- 
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ethylhexyl acrylate / ethylene glycol dimethacrylate / itaconic acid / methacrylonitriie copolymer is 
mentioned. 

[0017]In order for the cell to be excellent also In the charge-discharge cycle characteristic in 60 **, 
it is important that a binder is electrochemically stable at 60 **. This electrochemical stability can 
be measured with cyclic voltammetry. When according to this method potential is scanned with 
constant speed in a sample and oxidation reaction and a reduction reaction arise, a peak current 
value is calculated. The substance which produces oxidation reaction and a reduction reaction will 
be contained in a sample, so that this peak current value is high. The binder used for a rechargeable 
battery is exposed to repeated charge and discharge. When cyclic voltammetry (valve flow 
coefficient) is repeated, in order that the electrode manufactured using the binder as a high peak 
current value gradually shown may tend to cause oxidation reaction or a reduction reaction by 
charge and discharge, even if it uses such an electrode, only the cell inferior to a charging and 
discharging characteristic is given. Therefore, the binder of this invention is valve flow coefficient 
measurement (a measuring method is a postscript) in 70 ** atmosphere, The current value at the 
5th time 4.6 volts when the potential scan from 3 volts to 5 volts is repeated 5 times of below 
120microA/cm^ is [ below 1 50microA/cm^ ] below lOOmicroA/cm^ more preferably. 
[0018]It can be used into arbitrary fluid media as a binder composition of this invention which was 
distributed in the shape of particles and which is mentioned later, and also the binder of such this 
invention can also be used as a binder composition which dissolved in the organic solvent. It can use 
together with other binders and can also use. 

[001 9]2. In binder composition this invention, the binder composition is distributed in carrier fluid 
with a binder of this invention mentioned above specific in the shape of particles. Among the binder 
composition of this invention, the amount of polymer particles is the amount of solid content, and is 
0.5 to 60 % of the weight more preferably 0.5 to 70% of the weight 0.2 to 80% of the weight based on 
constituent weight. 

[0020]Even if the binder particles used for the binder composition of this invention are particles 
which consist of single polymer, they may be compound polymer particles which consist of two or 
more sorts of polymer. Although compound polymer particles take variant structure. This variant 
structure is a structure (refer to drawing 6 given in the 1 7th page especially [ "Adhesion" 34 No. 1 
the 13th - a 23 page statement, ]) usually called core shell structure, a composite construction, 
localization structure, top-joint-like structure, small poulp-like structure, raspberry-like structure, 
etc. in the field of latex. 

[0021] What is necessary is just to check that polymer which is a binder exists as particles with a 
transmission electron microscope, an optical microscope, etc. among the binder composition of this 
invention. 0.001 micrometer - 500 micrometers of volume average particle diameter of particles are 
0.01 micrometer - 200 micrometers preferably. Volume average particle diameter can be measured 
using a Coulter counter or a micro track. 

[0022]The method in particular of manufacturing the binder composition of this invention is not 
restricted. When carrier fluid is an organic liquefied substance, after a polymer particle manufactures 
the water dispersing element of the polymer distributed by water by the usual method from the 
goodness of manufacturing efficiency, etc., the method of replacing the water in the water dispersing 
element of polymer by a specific organic liquefied substance is mentioned. As a substituting method, 
after adding an organic dispersion medium to the water dispersing element of polymer, the method 
of removing the moisture in carrier fluid by distillation, the dispersion medium phase converting 
method, etc., etc. are mentioned. 

[0023]The manufacturing method in particular of the water dispersing element (it may be hereafter 
called latex) of polymer is not restricted, but can be manufactured with an emulsion polymerization 
method or a suspension polymerization method. In addition, the binder composition of direct this 
invention can also be manufactured by the distributed polymerizing method. Polymerization 
conditions, such as additive agents, such as an emulsifier, a dispersing agent, a polymerization 
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initiator, and a polymerization auxiliary agent, polymerization temperature, and time, just also choose 
arbitrarily what is generally used, and quantity also with the common amount used may be sufficient 
as them. When polymerizing, what is called seed polymerization that adopts seed particles can also 
be performed. What is necessary is just to adopt the method (2 step-polymerization method) of 
polymerizing one or more sorts of arbitrary monomer components with a conventional method, for 
example, and adding one or more sorts of remaining monomer components, and polymerizing with a 
conventional method succeedingly, etc., in order for a binder to obtain what is compound polymer 
particles. The water dispersing element of polymer adds a suitable basic aqueous solution, and in pH, 
it is preferred in order [ if it adjusts to the range of 5-9 preferably, ] to raise the binding property of 
a charge collector and an active material, 4-11, and. 

[0024]The carrier fluid used for preparation of the binder composition of this invention may be 
water, or may be an organic liquefied substance, and 80-350 ** of 100-300 ** carrier fluid is usually 
preferably chosen for the boiling point in atmospheric pressure. As desirable carrier fluid, the 
following are illustrated in an organic liquefied substance. The number in () after a carrier fluid name 
is the boiling point (**) in atmospheric pressure, and is the value which rounded off or omitted below 
the decimal point. 

[0025]Alcohols, such as hydrocarbon;2-ethy|-1-hexanols (184), such as n-dodecane (216), 
decahydronaphthalene (189-191), and a tetralin (207), and 1-nonanol (214); Holon (197), Ketone, 
such as an acetophenone (202) and isophorone (215); Benzyl acetate (213), Isopentyl butyrate (184), 
gamma-butyrolactone (204), methyl lactate (143), Ester species, such as ethyl lactate (154) and 
butyl lactate (185); 0-toluidine (200), Amines, such as m-toluidine (204) and p-toluidine (201); N- 
methyl-2-pyrrolidone (202), Sulfoxide sulfones, such as amide [, such as N,N-dimethylacetamide 
(194) and dimethylformamide (153), ];, dimethyl sulfoxide (189), and sulfolane (287), are mentioned. 
Especially as carrier fluid, water, N-methyl-2-pyrrolidone, methyl lactate, and ethyl lactate are 
preferred. 

[0026]As for the binder composition of this invention, it is preferred from a point of the binding 
durability of an electrode that the solubility over an electrolysis solution is low. Binding durability 
may influence a charge-discharge cycle characteristic. The solubility to an electrolysis solution is 
expressed with the gel content of binder polymer. This gel content is expressed in units of insoluble 
matter percentage of polymer to the electrolysis solution which is dissolving in ethylene 
carbonate/ diethyl carbonate =50 / 50 (volume ratio in 20 **) mixed liquor by the concentration 
whose LiPFg is 1 mol/l. The gel content of binder polymer of this invention is 70 to 100 % of the 
weight more preferably 60 to 100% of the weight 50 to 100% of the weight. A charge-discharge cycle 
characteristic is good in gel content being this range. 

[0027]Additive agents which raise the paint nature of the slurry for cell electrodes later mentioned 
to a binder composition in this invention, such as a viscosity controlling agent and a plasticizer, can 
be used together. As these additive agents, carboxymethyl cellulose, methyl cellulose. Cellulose type 
polymer, such ammonium salt, and alkali metal salt, such as hydroxypropylcellulose. Alkali metal salt 
and ammonium salt of poly(meta) acrylic acid, such as poly (meta) sodium acrylate; Polyvinyl alcohol. 
Polyethylene oxide, a polyvinyl pyrrolidone, acrylic acid, or the copolymer of acrylate and vinyl 
alcohol, A maleic anhydride, maleic acid or fumaric acid, and the copolymer of vinyl alcohol, 
Denaturation polyvinyl alcohol, denaturation polyacrylic acid, a polyethylene glycol, Polycarboxylic 
acid, polyacrylonitrile, a polymethacrylonitrile, ethylene-vinyl alcohol copolymer, acetic acid vinyl 
polymer; fluorine system polymer; like polyvinylidene fluoride, tetrafluoroethylene, and 
pentafluoropropylene, etc. are mentioned. The using rate of these additive agents can be chosen 
freely if needed. It may be dissolving in a binder composition and these polymer does not need to be 
particle shape. Also in these, it is preferred especially to use an electrochemical stability high 
additive agent about the additive agent which remains to an electrode eventually. 
[0028]3. The slurry for cell electrodes of slurry this invention for cell electrodes contains the binder 
of this invention, and the additive agent used [ the active material or if needed ] mentioned later. 
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Especially the preparing method should just mix the thing which is not restricted, for example, made 
arbitrary media dissolve or distribute the binder of this invention, and an active material and an 
additive agent. Also in the slurry for cell electrodes of this invention, the thing containing especially 
the binder composition and active material of this invention is excellent in a charging and 
discharging characteristic, and preferred. 

[0029]If used with the usual rechargeable lithium-ion battery, an active material can be used even if 
it is any. As negative electrode active material, conductive polymers, such as carbonaceous 
materials, such as amorphous carbon, graphite, natural graphite, MCMB (meso carbon micro beads), 
and a pitch based carbon fiber, and poly acene, a composite metal oxide, other metallic oxides, etc. 
are illustrated. 

[0030]As positive active material, TiS2, TiSg, amorphous M0S3, CU2V2O3, amorphous VgO-PgOg, 
Lithium containing compound metal oxides, such as metallic sulfide and metallic oxides, such as 
M0O3, VgOg, and VgO^g, LiCoOg, LiNiOg, LiMnOg, and LiMngO^, etc. are illustrated. The composition 
ratio of the element which constitutes these metallic compounds is shifted from stoichiometric 
composition in many cases. Organic system compounds, such as conductive polymers, such as 
polyacethylene and Polly p-phenylene, can also be used. 

[0031] Although not restricted, especially the quantity of the active material in the slurry for cell 
electrodes of this invention is blended so that a binder pair may be carried out and it may usually 
increase 3 to 500 times more preferably two to 500 times one to 1000 times by a weight reference. 
When there are too few amounts of active materials, the function as an electrode may become 
insufficient. If there are too many amounts of active materials, it will not be enough fixed to a charge 
collector, but an active material will be easily omitted. It can also be adjusted and used for the 
concentration which adds water and the organic liquefied substance which are carrier fluid to the 
slurry for electrodes, and is easy to apply to a charge collector. 

[0032]The same viscosity controlling agent and plasticizer as having illustrated by the paragraph of 
the binder composition to the slurry of this invention may be added if needed, and carbon, such as 
graphite and activated carbon, a conducting material like a metal powder, etc. can be added in the 
range which does not check the purpose of this invention. 

[0033]4. It comes to hold the active material layer in which the electrode of lithium ion secondary 
cell electrode this invention contains the binder and active material of above-mentioned this 
invention at a charge collector. Such an electrode is manufactured by applying the slurry of this 
invention mentioned above, for example to charge collectors, such as a metallic foil, drying and fixing 
an active material to a collector surface, the electrode of this invention — an anode and a negative 
electrode — although it may be any, higher efficacy is shown when especially an anode is used. A 
charge collector will not be restricted especially if it consists of conductive materials, but metal 
things, such as iron, copper, aluminum, nickel, and stainless steel, are usually used for it. Although 
shape in particular is not restricted, either, a sheet shaped thing about 0.001 -0.5 mm thick is usually 
used. 

[0034]The coating method in particular to the charge collector of a slurry is not restricted, either. 
For example, it is applied by a doctor blade method, a dip method, the reverse roll method, the 
Dailekh trawl method, the photogravure method, the extrusion method, immersion, brush coating, 
etc. Although the quantity in particular to apply is not restricted, either, the thickness of the active 
material layer formed after removing carrier fluid by methods, such as desiccation, is the quantity of 
the grade usually preferably set to 0.01-2 mm 0.005-5 mm. A drying method in particular is not 
restricted, either, for example, desiccation by the exposure of desiccation by warm air, a hot wind, 
and a damp wind, vacuum drying, infrared rays (**), an electron beam, etc. is mentioned. Stress 
concentration usually happens, and a crack goes into an active material layer, or in the speed range 
of a grade where an active material layer does not exfoliate from a charge collector, a drying 
condition is prepared so that carrier fluid can be removed as soon as possible. The density of the 
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active material layer of an electrode may be raised by pressing the charge collector after 
desiccation. As for a pressing method, methods, such as the die press and a roll press, are 

mentioned. 

[0035] 5. The rechargeable lithium-ion battery of rechargeable lithium-ion battery this invention is 
manufactured in accordance with a conventional method using parts, such as a separator, if needed 
including the electrode for rechargeable lithium-ion batteries of an electrolysis solution or this 
Invention. For example, it breaks [ which piles up an anode and a negative electrode via a separator 
and it rolls according to cell shape ], and puts into a battery container, and an electrolysis solution 
is poured in and obturated. The shape of a cell may be any, such as a coin type, cylindrical, a square 
shape, and a flat type. 

[0036]As long as an electrolysis solution is used for a rechargeable lithium-ion battery, any may be 
sufficient as it, and it should just usually choose what exhibits the function as a cell according to 
the kind of active material. As an electrolyte, each lithium salt more publicly known than before can 
use it, for example, LiCI04, LiBFg, LiPFg, LiCFgSOg, LiCFgCOg, LiAsFg, LiSbFg, LiB^oCI^Q' LiAICI^, 
LiCI, LiBr, LiB(C2H5) 4, CF3SO3 Li, CH3SO3 Li, LiCFgSOg. LiC4F9S03, Li(CF3S02) gN, lower-fatty- 
acid lithium carboxylate, etc. are mentioned. 

[0037]The solvent (electrolysis solution solvent) in which this electrolyte is dissolved will not be 
limited especially if generally used as an electrolysis solution solvent. Usually, the solvent which 
lactone, such as carbonate;gamma-butyllactone, such as propylene carbonate, ethylene carbonate, 
butylene carbonate, dimethyl carbonate, and diethyl carbonate, contained is used. 
[0038] 

[Example]Although an example is given to below and this invention is explained to it, this invention is 
not limited to this. Especially the part and % in this example are a weight reference as long as there 
is no notice. 

[0039]Evaluation in an example and a comparative example was performed on condition of the 
following. 

1. Let the rate of the binder which does not dissolve in the characteristic (gel content) electrolysis 
solution of a binder be gel content. After applying to a glass plate so that the polymer membrane of 
about 0.1 -mm thickness can do the water of a binder, or organic liquefied substance dispersion 
liquid, vacuum drying was carried out at air-drying and 120 more ** at 120 ** for 2 hours for 24 
hours. The weight D1 of the polymer membrane obtained here was measured. To the electrolysis 
solution which puts a film into the basket made at the 200-mesh SUS wire gauze after 
measurement, and is dissolving in ethylene carbonate/diethyl carbonate =50 / 50 (volume ratio in 20 
**) mixed liquor by the concentration whose LiPFg is 1 mol/l. After being immersed at 60 ** for 72 
hours, it filtered at a 200-mesh wire gauze, and the weight D2 of that to which vacuum drying of 120 
** of the insoluble matter which remained on the wire gauze was carried out for 2 hours was 
measured. (D2/D1) The value computed from the formula of xlOO was made into gel content (%). It 
is a stable binder to an electrolysis solution, so that gel content is large. 

[0040](Electrochemical stability: CV value) It measured with cyclic voltammetry. That is, after mixing 
the water of a binder, or organic liquefied substance dispersion liquid by acetylene blackbinder 
=100:40 (weight ratio) and obtaining a uniform slurry, it applied to aluminium foil, vacuum drying was 
carried out at air-drying and 120 more ** at 120 ** for 2 hours, and the 50-micrometer-thick 
electrode was manufactured. This was made into the work electrode. Lithium metal foil was used for 
the counter electrode and the reference pole. As an electrolysis solution, LiPFg used for ethylene 
carbonate/diethyl carbonate =70/30 (volume ratio in 20 **) mixed liquor what was dissolved by the 
concentration which is 1 mol/l. The measuring instrument used the potentiostat (HA-301: made by 
Hokuto Denko Corp.), and the short form function generator (HB-1 1 1 : made by Hokuto Denko 
Corp.). Sweep conditions measured the five continuation repetition at 70 ** by 5mV/sec in the 
onset potential 3V, the clinch potential 5V, and sweep speed, and a chopping-sea sweep, and 
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measured the current value per unit area of 4.6V (a CV value and a unit are muA/cm^). If the 5th 
CV value is below 1 50microA/cm^, the binder has it. [ electrochemically stable ] The CV value was 
1 38microA/cm^ as a result of measuring about polyvinylidene fluoride (PVDF). 
[0041 ]2. The electrode manufactured by how to carry out the characteristic (bending) after- 
mentioned of the electrode is cut in 2 cm[ in width ] x length of 7 cm, The state of the coat of a 
bend portion when a stainless steel bar 0.7 mm in diameter is made a support and 180 degrees of 
centers (place of 3.5 cm) of the length direction are bent, It tests about the electrode piece of ten 
sheets, and the case where one or more cracks or peeling produces the case where a crack or 
peeling has not arisen at all in all ten sheets, in O and one or more sheets is estimated as x. 
[0042]3. The characteristic of cell (elevated-temperature charge-discharge cycle characteristic) 
A negative-electrode examination from OV to 1.2V by using an anode as metal lithium under 60 ** 
atmosphere using the coin type cell manufactured by the following methods an anode examination. 
By using a negative electrode as metal lithium, with the galvanostatic process of 0.4C from 3V to 
4.2V The service capacity (unit =mAh/g: per active material) of 3 cycle eye. The service capacity 
(unit =mAh/g: per active material) of 30 cycle eye was measured, and the rate of the service 
capacity of 30 cycle eye over the service capacity of 3 cycle eye was computed by percentage. It is 
a result with them which has few decreases of capacity, so that this value is large. [ sufficient ] 
[0043]The manufacture anode of the coin type cell was manufactured as follows. The anode slurry 
was uniformly applied to aluminium foil (20 micrometers in thickness) with the doctor blade method, 
respectively, and it dried with the dryer for 15 minutes at 120 **. After carrying out reduced 
pressure drying at 0.6kPa and 120 ** with a vacuum dryer for 2 hours, it compressed so that active 
material density served as 3.2g[/cm ] by a biaxial roll press, and the electrode with a thickness of 
80 micrometers of an active material layer was obtained. The negative electrode applied the 
negative-electrode slurry to copper foil (18 micrometers in thickness), and it compressed so that 
active material density served as 1.5 g/cm^, and also it manufactured it like the anode. Clip this 
anode and negative electrode in a circle 15 mm in diameter, and 18 mm in diameter. The separator 
which consists of 25-micrometer-thick porous membrane made from circular polypropylene is made 
to intervene. An active material layer counters mutually, and it arranges so that the aluminium foil or 
metal lithium of an anode may contact an exterior container base, Furthermore, the expanded metal 
was put in on copper foil of a negative electrode, or metal lithium, and it stored in the product coin 
type exterior container made from stainless steel (20 mm in diameter, 1 .8 mm in height, and 
stainless steel 0.25 mm in thickness) which installed packing made from polypropylene. Into this 
container, the electrolysis solution was poured in so that air might not remain, packing made from 
polypropylene was made to pass, and the cap of 0.2-mm-thick stainless steel was put on the 
exterior container, it fixed to it, the battery can was closed, and the coin type cell (20 mm in 
diameter and about 2 mm in thickness) was manufactured. The electrolysis solution used for 
ethylene carbonate/diethyl carbonate =50 / 50 (volume ratio in 20 **) the solution which dissolved 
by the concentration whose LiPFg is 1 mol/l. 

[0044](Example 1) 80 copies of 2-ethylhexyl acrylate, eight copies of acrylic acid, and 15 copies of 
methacrylonitriles underwater, The latex A which contains polymer particle a 28% according to the 
emulsion polymerization using sodium dodecylbenzenesulfonate as an emulsifier was obtained using 
ammonium persulfate as a polymerization initiator. The polymerization conversion for which it asked 
from solids concentration was about 100%. The latex A and one copy of carboxymethylcellulose 
sodium of a five copies of acetylene black and polymer particle a solid content 2-copy considerable 
amount are added to 92 copies of cobalt acid lithium. It mixed until it added water and became 
uniform enough so that the solids concentration of a slurry might furthermore be 70%, and the anode 
slurry was obtained. The positive electrode was manufactured by the above-mentioned method 
using this slurry, the lithium metal was used for the negative electrode and the cell was 
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manufactured. When the binder (polymer particle a), the electrode, and the cell were evaluated, the 
result of Table 1 was obtained. 

[0045](Example 2) 84 copies of 2-ethylhexyl acrylate, two copies of methacrylic acid, The latex B 
which contains polymer particle b 30% like Example 1 was obtained except having used ten copies of 
methacrylonitriles, two copies of ethylene glycol dimethacrylate, and two copies of methoxy 
polyethylene-glycol methacrylate. Polymerization conversion was 99%. Except having used the latex 
B instead of the latex A, when the performance of the binder (polymer particle b), the positive 
electrode, and the cell was evaluated like Example 1, the result of Table 1 was obtained. 
[0046](Example 3) The latex C which contains polymer particle c 25% was obtained like Example 2 
except having used 84 copies of 2-ethylhexyl methacrylate instead of 2-ethylhexyl acrylate. 
Polymerization conversion was about 100%. Except having used the latex C instead of the latex A, 
when the performance of the binder (polymer particle c), the positive electrode, and the cell was 
evaluated like Example 1 , the result of Table 1 was obtained. 

[0047](Example 4) 300 copies of N— methyl— 2— pyrrolidone (it may be hereafter called NMP ) was 
added to the latex A100 copy obtained in Example 1. It decompressed with the vacuum pump, 
stirring this mixed solution, it heated at 80 **, moisture was removed, and the NMP dispersing 
element A which contains polymer particle a 10% was obtained. Used the NMP dispersing element A 
instead of the latex A, used NMP instead of water, and used pregelatinization hydroxypropyl 
etherification starch instead of carboxymethylcellulose sodium, and also it is made to be the same 
as that of Example 1, When the binder (polymer particle a), the positive electrode, and the cell were 
evaluated, the result of Table 1 was obtained. 

[0048](Example 5) Used the latex B instead of the latex A of Example 4, and also. The NMP 
dispersing element B which contains polymer particle b 10% was manufactured like Example 4, and 
when the binder (polymer particle b), the positive electrode, and the cell were evaluated like 
Example 4 using this, the result of Table 1 was obtained. 

[0049](Comparative example 1) The latex P which contains polymer particle p 33% like Example 1 
was obtained except having replaced with the methacrylonitrile and having used acrylonitrile. 
Polymerization conversion was 99%. Except having used the latex P instead of the latex A, when the 
binder (polymer particle p), the positive electrode, and the cell were manufactured and evaluated like 
Example 1, the result of Table 1 was obtained. 

[0050](Comparative example 2) The NMP dispersing element Q which the amount of 
methacrylonitriles was made into zero copy, and also contains polymer particle q 1 0% like Example 5 
was obtained. Polymerization conversion was about 1 00%. Except having used the NMP dispersing 
element Q instead of the NMP dispersing element B, when the binder (polymer particle q), the 
positive electrode, and the cell were evaluated like Example 5, the result of Table 1 was obtained. 
[0051](Example 6) One copy of carboxymethylcellulose sodium was added, to 97 copies of natural 
graphite, water was added so that the solids concentration of a slurry might be 40% further, and to 
it, it fully mixed with three copies of polymer solid content of the latex A obtained in Example 1, and 
the slurry for negative electrodes was obtained to it. Using this slurry, by the above-mentioned 
method, the negative electrode was manufactured, the lithium metal was used for the anode and the 
cell was manufactured. When a binder (polymer particle a), the negative electrode, and a cell were 
evaluated, the result of Table 1 was obtained. 

[0052](Example 7) When used the NMP dispersing element B instead of the latex A, and NMP was 
used instead of water and also a binder (polymer particle b), the negative electrode, and a cell were 
evaluated like Example 6, the result of Table 1 was obtained. 

(Comparative example 3) Except having used the latex P instead of the latex A, like Example 6, 
when a binder (polymer particle p), the negative electrode, and a cell were evaluated, the result of 
Table 1 was obtained. 

(Comparative example 4) When the NMP dispersing element Q was used instead of the NMP 
dispersing element B and also a binder (polymer particle q), the negative electrode, and a cell were 
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evaluated like Example 7, the result of Table 1 was obtained. 
[0053] 

[Table 1] 
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[0054] From the above result, the conventional binder containing acrylonitrile has the high 
electrochemical reactivity measured by valve flow coefficient in 70 **, and understands that the 
charge-discharge cycle characteristic in an elevated temperature is bad for the cell manufactured 
using such a binder. On the other hand, the binder of this invention has a methacrylonitrile instead 
of acrylonitrile. 

Such a binder has low electrochemical reactivity and it turns out that the cell excellent in the 
charging and discharging characteristic in an elevated temperature can be given. 
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[0055] 

[Effect of the Invention]Since it excels in electrolysis solution-proof nature and is electrochemically 
stable if the binder of this invention is used for electrode manufacture of a rechargeable lithium-ion 
battery, the lithium secondary battery which was excellent in the charge-discharge cycle 
characteristic in an elevated temperature of 60 **, and also was excellent also in the binding 
property with a charge collector can be manufactured. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1](1) A structural unit of monofunctional ethylenic-unsaturated-carboxylic-acid ester 
monomer origin (a), It has a structural unit of ethylenic-unsaturated-carboxylic-acid monomer origin 
(b), and a structural unit of methacrylonitrile monomer origin (c), (2) — (structural unit (a) + 
structural unit (c)) / structural unit (b) =99.9 - 1 .5 (weight ratio). (3) The sum total of a structural 
unit (a), a structural unit (b), and a structural unit (c) is 70 % of the weight or more to a whole 
structure unit of polymer, (4) A binder for lithium ion secondary cell electrodes which consists of 
polymer which does not have substantially a structural unit of ethylene nature hydrocarbon 
monomer origin, and a structural unit of diene system monomer origin. 
[Claim 2]A binder composition for lithium ion secondary cell electrodes, wherein the binder 
according to claim 1 is distributing with particle state in carrier fluid of 80-350 ** of boiling points in 
atmospheric pressure. 

[Claim 3]A slurry for lithium ion secondary cell electrodes containing a binder according to claim 1 
and an active material. 

[Claim 4]An electrode for rechargeable lithium-ion batteries by which it comes to hold an active 
material layer containing a binder according to claim 1 and an active material at a charge collector. 
[Claim 5]A rechargeable lithium-ion battery which has the electrode according to claim 4. 



[Translation done.] 
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mmAt 1 - 1 £ . S?S U < i* 2 - 8 -Cib-S hOjDmK. 
6fi bt^l^i few cn6C#Wfi*^l-'> 

[0 0 12] *^tcfe(,i-c. x*u>«iHr:|&W*Jl'# 
>^*y^-**tr>#3i*f4 {!)) 

:mf±i?iiit/T:i*. r^'j^i'i^-, i'Ph> 

"it. ^ * J7 'J h «J >l''C*&. > 3? * >J h «J jL' 
€ / 7- S^®^jiMfe=£ ^ & fcODi*, 7 0 *C>C'©C 
V!iillE-c^(t^<fJ^I&|±;53«6< , C ® J: ^ ^ > 

[!)!)! 3] ^^^liD.-f'fi'i^-ii. ±ia<a>. 
< b > fe J:iy>- < c > y.?fte. IswSfeif i->4i^^«n^ 
,'l.*>i8xA?-^l.-t/^-fefefl?^ig#& {d> ?:Wf 

^-i t/fii. ji?" u > if ij 2 - ^- y L- - h . 

i>X^ > i?" ij :S">\,l>ji iit>*)l'-\-tt t<l>t>^ * 
'J*|gx;^r* ; r >J >'^n- lUT-n^tv r >J > ij 
h & ^0? 1- 'J ^ if *> L» J- : * ij X? u > 

JL-i'T *> y h W i«>i57 'J Jl'^XX'T-Jl' ; h 'J 

gEx;:^r,'l. ; h L'x?' 'J :2--ji,i>jf i? J? ij i^- 

>yi^^''>\,t>jt^i>*}v-v, ^■/^fx*u>i?'"j3 
if i; h , 3|- if X * u > «j 2 -^i/i/jf 
if ij K h y v"C f^> y U s-jl't^^* "J 
- h. r I- ?':''nfcfl^>if ^- j, y i,_ |. ^ 
^> if^D ei/ > y y 3 -^Pi^jf i? ? 1,1 — h . -^^^^tf 

a-^i^i'^ if h , :j-?ifr7C brb> 

-A^t';^ if if F ^. cn6<!>^' if *> y ht!>— 
^tr if y u- hocis: «.ft:<b^ r i5ci'*sW6ti*<. 
{d> ii. -4!:^B^<i>.><-fi'i!'-r'ib.5?i<y-^'-®±«ji 

^fixicM -c 3 0 SS%t<T. 6?^ U< ii 2 0 ss%y, 

T. *i 6f s u < ii 1 5 ss%«T. i*'-^ 0 - 1 ms% 
\-j± H^u<ito. 5mm%vj±. j;*i6fsu<ii! 

[00 I 4] *^^tr>.'W>i^-'<l:l-'C^(,'SS!5St,l^ 



(4) W2002-1 10169 

m.n^^ic$yi>fc&. # y ■?-x-ih?>€'-ms 
T-yroc^is-r y -7- ?:igii-?'^> c i trii^ni*, 

T Jf iJ .'HE2 - x*.'!-^* ^'.'L-Zr i' l' Jl^/^ i? if y 

Qj: h y iL.2!j<ij^-, r i'y.'i'^i 
/7 y jbijx? ji-/r t> 'J ;H8/j; 3? if y d h y jI' 
12 II -7 - , 7 i' y im^^ i\'/r ^ L' m/^ nf*) 
10 hyji'^^ij-;?-, ^itjy ing2-x*^i/'\+i^ 
ji'/r i? y .'H*-/>* ^ if i» ci^ ^ y ^i^^t* y -7- . r if 

y /l'^2 - x^^-^+t^;l-/x * u> if y 3 i? 

I' u-v/Ti' y .'L'^> if if y h y .■I'S^^y -5" 
7 if y mz - X ^^i'^^ s/'ji/? ? y r c 
t;A>/7 1> y jL.^/->f * L' h y ^i-^* y 

■s--. Ti? y>l'K?>X?^>W75 ^Xf */T? iJ^i'ij/ 

>' if i? y o :^ MJ .'i 3 *! ij , jf h + i^^K y X ? u > 
if^}:pi"}[>^^ji^t> y b- h/Ti' L'-il-gE/^ if i? y 

pi hyjL'2st<y-«'-, »viv>m-^f-A'^^''-^)i' 
20 /7i'y,'i'©/>*i?yn:ir y.ii'3si<yv-'. 7i?y 
.'Hgg - X f-jp-N^ v.'i./ if p V >iex*,'i./'7 i' y 
m/^ i? ^ y n i h y ,'i.=i5i< y -7-. 7 y jL-iga - x 
^^^t-s^ i^jL-/ 7 if y -i^-x * .■u/'jt< i» X * u > if y 2 
-^I'i.'r if y b - 1- /r i^ i» Ji-is/;^ » jf y p ^ h y -•i' 

2!t< iJ-5— , 7 i? y ,il'il5'?Jl'/'i>t^-,'l.'<>Tz'>/T 

i- ij m/ji if i' y p - h ij ii, 2 # ij T if 'J Ji-is 
2 - X * lU'v 4^ ^ •i./r if 'J .'I'iJ/? u if if 

yo!i^ yjL.3!i<y?-. 7if yms-x^-^i.^+^- 
^i,/^ i? 2 if f >} h y ^I'Si* y -y-. ^ if 
30 'J ^p^a -^f)i^^t^A^/7 1> ') m/^ if if y Ji- 
it/^ if i7 y p i h y .'UssH y 7". ^ if i? y ^Hg2 - 

X^^Ji'^ + ^'^l./-^ ^:2'^m/^ if ij PX h 

y?- 

[ 0 0 1 5 ] 7 if y Ji-iES - x^]i^^i>'}i/M if if y 
.'i'^-/^' ') h y y •7- . r if y ^1-1^2 - 

JifA^^U}]^/:^ if ? L» A'gSx*^l'/>' ^ if "J^St/ 
if i? y P :^ h ij ^1/ 2 # ij T i' L» iim-^f-^/ji 

*i'L'ji'K/>ifi'y p^ hyjU2si<ij-5— . 7i^yji' 
£ - X * .'U's + ju/x u > ii' ij - i> if if y 
40 u- * i' ijiim/^ if if y pi MJ jL.2?f4 it-^- 
> if i? y^n*-2 -x^^^-^.^^■A./r if y ^i-S'b h 

P * P KTA'/ j{ if t> I) A-m/^ if i? y P i h 'J Jl- 2 
J? h*S-'*yx?^U>|!^',»5-Jl/*/'^iri' 

y b - ^ if $f y if y n ^ f y jL.=s!t< y 

ifph>|t2-x ^A'^^t^n/ji i? if y *p/>' 
ifi^ijDih lUi'S^y-?-, Tif ioj^2-x?,'i''N. 

if p h >®x ^^PZ-rf if i- 1» m./>i if if y P 
i MJ Jl- 2 # ij 7-, if i? y iim. - X * Jl'^s+i-Jl. 

/7 if y .'i-iEx ? 'J X u > if 'J 2 - i> 7 ? y 
50 1^- if if L» >\>Wi/jt if if y p i h y ji. 2st<ij 7- 
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m/^ ^? J" y p ^ h «j ^i-ssfi 'J 7 ? y juss - X 

i7i,ip:^i- yH-s^y^-. rf"J>n?'7'?'jL'/*'B ^ 
>m/^ if i"j p^ I- y Ji'^* "J ^- . r f'j ^UK2 - 
j-^^i.^+s/^i./x* ^> j^-ij 2-ji,i>jf * > 'J r 

/*'Ph>il/^*J"JPiF •JjUsi^'J^-. ^dfi? 

2 -X*JL.^4^i.'-l./i'P h ^-iJ/^- iii?>)0:^[->)>l 

©x^^^l-/ J? p |> VgE/^ 3f D ^ h y ,'1. 2SP IJ -7 

^ if ? >)A-m2 -x^;l'^+VJl'/r i? 'J^Hgx?^ 
,il'/sl<«JX?^b>?'y :2-M,>7 f ') l"- V/i'U t > 
m/M H ? 'J Pi I- 'J ,'l.3Jl<<J 7 ? y ,'Hg2 -X 
^A^^^V.'l/ji ^t>*> >HSiX * il</ ir =2 if 

i?"jp-h y^i'P*y-^'-. rj'y^i'^y^ji'/^^^a 
>ig/jf * ? ij p:^ h y ^t-^j* y ^- . T y ^i'^2 - 20 

x^^l^^^S^i-^/x?^ u> i/*) 2->|.yj< if Jf II b- h 

/-f :2 >gi/>! y p:i MJ ,iL.35i<y -^-itm-f's 
[ 0 017] w^. mm^Q 0 •CTC'^gt?--!' i'.'i.^ 

^I^ttii. •tT'H' i'y JjfOI'if 1^ If-tCJrOifJ^ 
&c:i3S4T'*^>. cw&jjicj;^!*. ^i^^vi-iEm. 

Si^^citc-tc*. -iXSi;loc:J^t,^*-'<-f>if-t*. ^ 

0 ii i.a>SE)i»<: $ $tt*, ij ? 

Mj- <cv) tiioML-fcii^, ■.xmK.-^^'^-t>m. 

t*. Sst^tc^t; OiSffciglit.* feiijiTcScii&Sc l>'^'? 

6f S U < i* ! 0 0 ji A/c y,T-C*^o 
[ 0 0 1 8 ] C ^1 1 ?<:1s:^BJi{r>.><^ > f£Sfl>5g 



«ga2 0 0£ - 1 10 169 
8 

it. p«j^s-e. stcS':^* 0 . 2 -soma 

0. 5-6 0SS%t:'4>*. 

[0020] < :^ y-isas^itatc^ t ^ * < > 
if-fi^it. p-*y^-;5-^jE.wi>l4^r'3b':.-Cfe> 2 
y y 7-tt^r'A-7-c*> 

•^.^13-23 MiaS35, 1 7 pia$S<?>li 6 
[002 1] ^^^©."(-^ > ii'-iSfigg!^*, .'Ul'^f" 

^©(*fS^l^iEfitt, 0. 0 0 1 « 0 0 (LI m, «f 
Sb<\tO. 0 1 Ji in - £ 0 0 « m-C**o 

sas-ji-if-A^jvir-^^^ ifp •? if^&ffli't: 

[ 0 0 2 2] if^mo>.'U:^y''m^&$^t^im 

it. iSi^^c-^swi*-.^, a;t®>SrStcj;,-c*y 

?cfg. *y^-®*&fif±«i3©*&#iE©ws^i^^iie 
K.mikt?>-m^wi^nio sm-J^stuxm. #y 

^-©*<Jtiif*KW«8^8icsS4:DliAft:i^, »titiitli(?>* 
[ 0 0 2 3 ] 5|< if^-O^i^nt^ mr, XI 

ficti^h^y ommmmicmm^n-^. aits 
mmmt^cthx-fst, mm^p^fm. 

*.5. ^f^>y-3!*tg^5l<Li^-^+-CJfoS<>®*^S 
cfcDS^t/, ^D<J?l!tiy±<J>*^-7-.i?!S0 

i?:}?^-3-ni*ftt^o sfc. *y-^'-®*^tstf*4*. M 

a^£j£Stem«**li^-C. p H«:4 - 1 1 . 55* 0< 

[0024] ^^o.'Ui''!!f''mf&mmmicmi'i> 
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m2C<0 2-l !i) 169 



9 



10 



[ i) 0 2 5 ] n - Vr'^l' < 2 ! 6 ) . r-^b. mHitii. iK'PKlSL/fg^tC^iRf^C i^i'C*^, 

(l89-!9 1)4iSJ:iyffl'^'J> (207} tfc. cn&®?l<'J^-'«''<-f >^/-aisSi?*-C'Jgll(.. 

84> isctiyfi -yi-y'-A' (2 14> wiw^t^a- 10 X'h. mmi<in%i'^mmti>mmic-^t>'Xit. m% 

,'H!i ; *D >( 1 9 7 > . r-b h 7 * { 2 0 2 } imm:'eM.<D^t,'mm^^-t'6(Di>mi^ift L, 

J:!? ^' V * D >< 2 1 5 > i'<^>i^ h i^m : mm'^>i> t,^. 

.'K 2 1 3 > . ilil-^ v^yf-H < 1 8 4 ) , r -y?^ [ 0 0 2 8 ] 3- >) - 

D ^ h >{ 2 0 4 > , ^^.'K 1 4 3 ) . mix. -mm>m.mm^ i* -i*, i^^m>-'U > ^i'- 

^^^K ! 5 4 > feJ:0'll|g'3'? JL. (18 5) fti'^iX i. igjfri>igiOS'f>(«!'P<<:iSOT:ffl<,»^n&!^JaS«i 

(2 04 > - {2 0 ! > &i-®T5 "T. piUii, 2|£^^<^>.'^^'>^f-^:^.t<^>!Sg#:i^:^§i^X 

>!!i ; N-ji^fl- 2 - 'J FX 2 0 2 > . N, N it^Sk$iif<:i><Ot\sm^m)MMtm'^tnit^ 

X^l'*^*^ K < 1 8 9 > fc<^;0'X,|^^^^> { 2 8 7 ) w ©WttK^nsi?* t,t,^o 

iC.;;^ K - [0029] !§)taSii, ii:%'<5> 'J ^^-J A-/ * >ZS@n!J 

[0 02 6] *^^©.>W>iSr-^aggi^tj. s»¥^ocjff >. is^pr^T-f H, MCMB (yy*-i<> 

W^'C^Sn*. CiO^/^SW^ii. u>*-i<4'. [0030] ESsSig5S<!; hX\t. T i , T i 
-l'/S'^**^»'*-*r4''- ^ = 50/50 <20*Cr'© 30 S, . ^NlMMoSs , Cu8 0, , ^Ni^lgV^ O 

l*:^tb> P-^sgiCL ! PF, ifil^A,/*^ v \A,<rM!^ -P» Os , MoOs , 7, Os . 0. , rj.t<!>^ 

x-?^mi.x\.'?>f&m.K.mrhii^ >j ■?-<}>m9f^m mmitm'^>mmm. l i c o o, . l . n i , 

X-^^tlh, ^^<0>U > ^"ii^ i,» ^-©tOl'SW^ L i Mn Oj . L i M n j 0. « i® 'J ? AS^^g^ 

t*. 5 0 - ! 0 95* U<.m 0 - ! 0 OMS ^!8|^-ffci9Wi-550|^§)h-So Z.iniF><Dmit'^ 

%. i-Jm^ h < !i7 0 - 1 0 0SS%-C-*)4. i''.'!'^ «rli6aT^7cS€'^I.^fe*(t^ai&iiS&!>^&Tn-Ci,^^ 

[0027] S/c -4s:^fe?)1{<:l3i,^r4*'-!-Y i^^'CaS, 

(C. f^jit-SSil^fliJ^;^'? ij -©^SM&|S1±31iS [003 1] 2|£^0©feSlS^A^ L''-4>fl>Sg43S© 

* cn6®^WJi b-Ctt. **il<=f v^- ?;Hj,'U Sig-c 1 - 1 0 0 0 iS, Sf * t/ < ij:2 -5 0 0 IS. J: 0 

x?b>:f-+i'F, #«j ti.'L.b-0Li K>, ri^ij-'i-gs (cmisup^*.^^&icm^bx^r?>cti>X'^^, 

Xit7 >y y .'L-KtSi b'-.>l'7,'l' 2 -.(|.®iiS-&ft, ft* [0032] £#CClSt>-C . "^H^®;^ 7 «J -<C43:,'<-r 

^i-s-ii^^M^i*. ?Ki4!i{>jb--^i.7Ji'2''^i'. s;ti 50 ffci«jmiit.-c^>j;<. {fv^fr^v. mmt£ 



1^. ;»tS:«i«®f^<!> < > P?0>lS?:i*^<5^iET:-®a° 
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'^smZdOZ-l ! 0 1 69 



[0033] 4- 'J?^OA^:#>-S«if!fe@^ 



[ 0 0 3 7] c©^m^^§iisii*sg<i immm 



!1 Eft, *^f^m-C$.o-C*>J;i,^;5v m^SM^mi^' [0 03 8] 

jfm BiMsti^j*,^*^ m. m^o. 0 0 1 a-c&^o 
-0- 5 fflmfi^wi^- [ 0 0 3 9] mmidunmm'Pmmimr(o&^ 

[ 0 0 3 4 ] 'J -mMPf-^ommiiihmcpm tc-ctt-^ fe. 

sn^tt-^. mis;, k ^? Kis, r t-^, i . '/-m^ 

©J13Aiamo. 0 0 5 -Smra, StS i,< i*0. 0 1 ! 2 0'Cr-2Bim^|£^Ufco CCX-i^hntc^i*}-^ 

< ji) !ip?SJi^^^^>a mssnec J: ^^nm-f /t>x.*!\>-^-t^^ - ^ = & o /5 o (2 o xrcc#ia 

sn*o f£*i*H=ti. a^^*j£A^K4'*'i8Sc: -p-cjiiae m m^^K. l i p f e ;ou ■t.-i'/ -? v ju^ssstr-jg 

®{£:&S!t*S7^-7ft:0. >i<laSSAimSH**iE>s8Sb&l^ iS?L.Tt,^.|>@»¥;gCC, 6 O'CT'? 2Spd5jtjS(.'m 2 

•^^cti^x^fWmy^mmo>^^*£.-^&x^^w «i.?c. { d s/d i ) x i o diD^m^^f^^-^ii 

[0035:5. 'J?^'?A-('*>z:;jii:s?fe [0040] (SSIiffc^WS^te : CV«I> t^•^' i'M 

-•?i'-5:'-^©siia*^<.>-c, Sj^Kis-^tris^esiUs -Y>5r= 1 0 0 ^ 4 0 imstt) x-m^o, fei^-vix^ 

X^ti^t>M. mWMiC'it:.L',xm< . ^httt bX, 2 er^m?£0. 5 S=.tCl 2 0 VXM^nMO, 5 0 Ji m 

[0036] Sf^itaS. 'J *■? A^*>-SSijfeK: 0/3 0 { 2 0*Cf<D#;gfcb> m-^tCL ! P F, ! 

tcmvxmm^ bx<j>w^^nm'ir^i>o>!&:mirnit it^^^>i^s:^ if ^ <h a- 3 0 1 ■ .ib4@x-aj4} 
j:*,^ mmmt vxit, se* J; 0 s^si® l» ^ fe<^;cj'jsiiaiif§i8j%^s < h b - 1 1 1 : .lt4«xt± 

AtI;5a^•r4^%^^•C*. L ! C ! 0, . L . BFe . M) ^^l-?<:. ^.A-v^mH O'C-cm^SV. 

LiPFe, LiCFsSO, , LiCFsCOj> L WDill.s&5 V. ;!.^-:fjijS[5roV/5 e c. 

! AsFe . L i SbF, . L i B, <, C ! . , . L < ^7.-^-^-7X--immm^y&l,<J>WSiE^m\ 4. 6V 

A 1 C ! * . L i C I , L i B f. L i B (C, Hs > fC-^fi^^fcOWSjiffl (CVg. ^iiiijiA/c 

. . CF, SOi L !, CH, SO, Li, LiCFs mM SrSiJtUft:. SHiCCVi!*!. !50f<A/c 
SO, , L ! C, Fs SO, , L ! <CFs SO, ) 8 50 in" WTT^ni*, ■e<>?-'<-< ^^i'-aSSiffc^BfJK^* 
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V$>6, !l< ') b'x >) ^■yy.'l,:^^ r { P V D F > 
iCr^.^xm'm.itl -^tci^m. CVmtl 3 8 11 A/cm 

[0 04 1 ] 2. m^mn 
m^jmn tm-^ ^-fsm-mmufcmn^mz cmx 
a3 7 cmociinD. s§:^iE!©tTi^ <3- Scmcic 

0 M-iC -^i, ' t: r ^ h U , ! 0 H?-?--^ -CK 

[ 0 0 4 2 ] 3 . 

«i> 

1. 2VSr-. E^^^tS:. ftS'SrfilBiy ?'?Ail/r 
3V*-.64. ZV&X\ 0. 4C<^>TE«?t^(C<^;^-C3 

0 ) i, 3 i'>l'm(C'm^S im&= mAh/ 

t' ^ m^w^tc^j) *iJiEU> 3iJ--i'i^.'i'B(^>igfSsa 

[0 04 3] -^' ^M^iikg'g^ji 
iEaii3:y.T© J; ?i Kl U trli^ia t/ ?i. ESs;!^ 7'J - T jU 
4 i-^A® (g3 2 0 iJ m ) tc, ■C-ft-en K fH-'zfl' 

" rwKX. -^-cssi-cc^ffi u, 1 2 0 -c-c 1 5 ^mi^ 

^^m.Uc.m.m.^Wmx<i. 6KPa. !2 
-^-CJglSsW^rSgjJ'S . 2 g / c ffl' iiSS J: ^KEJi 

inm®R®(Clj]OteS. itfilSiinro. J?S2 5fii««? 
n?ij!j< y V D f I- >|g3t5L!lS55> 5 w -iz i U - if - 

ft® r .'I' 5 >? AgXiii^BI 'J AJi>.!#)S|i^ ^. .fc ^ CC 

(./ft::xr>u;^iaiS2-r>S»?f^ifil <(tS2 0mm. 
Sfflffi. ;5.'7>p;5^^pg)l$0. 2 5mm) *cc: 

?i A I- , # 'J :?'o e u + > ^ A- $ X9im^m 

u:m$0. 2fs>m<}>xr>vMm>^'^py&W^X& 

- /l>x ?>t-3b-i<4'- - h = 5 0 / 5 0 (20 *Ct?© 



^t*@g2 0 0 2- 1 10 169 

[ 0 0 4 4] < 1 > 7 .'US £ - X *>l'-s+ i-- 
8 0^6, r I' .'U^8 SP. .^y^'^' 3? D :i MJ .'l 1 

5115^, -i<43-c. m-^mitMiuxmmmr>^^o.u 

>J A^^l^y-clLftS^ii: «i # 0 ?-^4^a 2 8 % 
1 0 0 yoVih-yfc. 2 -> on- @! 'J * A 9 2 
2 S|ifSiiS<^>7 ?- A -'L'?l<+ V^- *fl^ >l U 

-x-f r 'jeiAia'^to. s^ocj^^^'j-oUffj^?^ 
m'7 0%icrj:?>i:'yic^km^X+^ici^i-lcrii>t 
xm^L,X±.m:^'p >) "^ntCo C<D:^y >) "^mi^'X 

m(C'i3mc ^: 9 E.mmm o . .t^^ v ? a^s 
[0045] i-mm )7i>>) mz - x ^^u^.^ »/ 

fect^CJ'jf h +i'!t{ 'J X U > 'J 2-j|.j< iji.- h 
2i|i?:^i,>fcC i«?fii*S£H^ 1 iP!«iCc:t/t:5l<'J^- 
tt^ b 3 0 ?«Stf ? '7- X B «:ff S^fel b^i* 
9 9 %f-* -j/c. y T Ji; A Wf^O (c: 7 r B 

[0046] 3 ) 7 ? «J mZ - X f 

.'l-WtttoO K.jiitt>*) m2. - X VJl. 8 A^^ 

1 0 0%X-i>'>tCo ? r A AWfoti OC 7 ?■ 

c ^fl3t^fcy,?ti*. 1 iliiftK tf^f-/ > 
[ 0 0 4 7] <«te«i4 > mm i x-mcyr ■? ^^^a 

1 0 0»C, N - ^ - 2 - fc*0 IJ h- > <Jli',T. r N 

MP J it-^cisisfes) zoommtco mm-^n 

m^motj:-!!)ih^^^y-:flCX¥^V, 8 ()••:{« 
ox . *<^*^*U, # 'J -y-tt^a * 1 0 >6St»N M 
PJJSJt«t:A «:f#ft:. ^ v A A©nfo*i tC NM P^fi 
«:A^^t,^ *®f^t>0«CNMP«:ffl<,», ■^)l4<^i^M 

*^i'^,'iD-?!;+ ^ y eiAC'ftsboecaffcb fp+s^^' 

0 f*X'-r.»Hfc2K^9«:S<<'?i«!lii. **fe« 1 tmi^ 
[0048] i-mm ) ^m<D^7- y t>7.kV>i% 
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